The murine gene Fv-J has been shown to exert a major influence over the replication of ecotropic murine leukemia viruses. Studies of the replication of Friend murine leukemia virus have shown that the restriction of viral replication occurs intracellularly after the initiation of viral DNA synthesis. The It has been demonstrated that the murine locus Fv-1 encodes a resistance towards infection by ecotropic murine leukemia virus (MuLV) (10). Growth on the restrictive cell type varies from 1/100th to 1/1,000th of that on the permissive cell type, depending upon the exact cell and virus used (for a review, see reference 6).
It has been demonstrated that the murine locus Fv-1 encodes a resistance towards infection by ecotropic murine leukemia virus (MuLV) (10) . Growth on the restrictive cell type varies from 1/100th to 1/1,000th of that on the permissive cell type, depending upon the exact cell and virus used (for a review, see reference 6) .
Although the precise mechanism of action of the Fv-1 gene product is not completely understood, it has been demonstrated that it restricts viral replication intracellularly after the steps of adsorption and penetration (7, 18) . After infection of restrictive hosts, the reverse transcription of viral RNA into unintegrated viral DNA can be demonstrated (1, 8, 20) ; however, the integration and establishment of proviral DNA does not appear to occur (7, 18) . By comparison with infection of Fv-1 permissive cells, the results of Fv-J restrictive infections are not uniform in terms of the patterns of accumulation of unintegrated viral DNA forms. That is, in some restrictive virus-cell combinations, a virtual absence of form I DNA accumulation is found, whereas other virus-cell combinations result either in a small (two-to fivefold) or in no apparent decrease in form I DNA accumulation relative to that observed in permissive infections (1) .
In at least one cell line, NIH Swiss (Fv-Jn/n), which is nonpermissive for B-tropic MuLV, we have demonstrated restriction of either form III or form I DNA accumulation, depending upon the degree of restriction of the clone of Btropic MuLV used to infect these cells (1) . Therefore, although in most host-restrictive infections an alteration of unintegrated viral DNA occurs, the exact pattern of this restriction varies. Furthermore, the mechanism by which the Fv-J gene product restricts proviral DNA integration remains unresolved.
We have previously described a clone of N-tropic Friend MuLV (F-MuLV) which consistently demonstrates a 100-to 500-fold restriction for growth on BALB/c cells (Fv-lb/b) in tissue culture assays (1) . Analysis of DNA accumulated in acute BALB/c cell infection under restrictive conditions over a range of input multiplicities reveals that only a two-to fivefold reduction in form I DNA is observed when com-* Corresponding author. pared with infection of permissive (NIH Swiss Fv-1 'n) cells (Fig. 1) . The above results, therefore, are inconsistent with the proposal that Fv-1 restriction operates by preventing the synthesis or accumulation of form I DNA (8, 20) .
We have attempted to understand the failure of this virus to establish an infectious center by studies of the unintegrated viral DNA with restriction endonuclease analysis (1 (2) . The DNA was pooled from the region of the cesium chloride-ethidium bromide gradient previously determined to contain form I DNA. As shown in Fig. 2 (1) and separated on 0.8% agarose gels at 60 V (2 V/cm) for 16 h. The DNA was transferred to nitrocellulose (15, 19) and hybridized to 32P-labeled this way, preparations which contained roughly equivalent amounts of form I DNA were obtained (see Fig. 2 , lanes 1-and 2-).
F-MuLV DNA contains a single EcoRI site. Digestion of samples of these viral form I DNA preparations with EcoRI ( Fig. 2 , lanes 1+, 2+, and 3+) resulted in linearization to two species of DNA that differed in size by 600 base pairs, the size of the long terminal repeat sequence (11) . In addition, the samples pooled from the cesium chlorideethidium bromide gradient contained two bands of DNA that migrated near the origin of the gel. These two bands were presumably form II DNA, the open-circlederivatives of the viral DNA. Because of their position of migration, they are usually not observed in the unfractionated Hirt supernatant samples (such as those shown in Fig. 1 ) owing to the presence of quantities of contaminating linear cellular DNA that would mask their presence. It is unclear whether form II DNA is a natural product of the in vivo replication cycle or an artifact of the method of preparation of the unintegrated viral DNA. Further evidence that these species are form II DNA is provided by the fact that this DNA is also linearized after treatment with EcoRI, as shown in Fig. 2 .
To test their biological completeness, the form I DNA preparations, samples of which are shown in Fig. 2 (lanes 1-, 2-, and 3-), were microinjected into both permissive NIH Swiss and restrictive BALB/c cells (9, 16, 17 (Fig. 2, lane 1) or from nonpermissively infected BALB/c cells (Fig. 2, lane 2) .
In a separate experimental protocol (method 2), we attempted to assay for virus production at an earlier time after microinjection. In this experiment, lower amounts of viral DNA (one to three copies per cell) were microinjected. We tested both for viral progeny released from the microinjected cells as well as for the approximate number of individual infectious centers established at both 24 and 55 h postmicroinjection.
Again, 300 cells on a cover slip containing 105 cells were microinjected, and the cells were allowed to recover for 24 h. At this time, the medium from the microinjected culture was tested and found to be negative for released viral progeny. The cells were trypsinized from the cover slip, both to prevent any possible cell-to-cell spread of virus and for testing of infectious centers. were able to go on to become infectious centers.
The remaining 70% of the cells were replated and allowed to undergo three or four generations of cell division under conditions in which cell-to-cell spread of newly produced virus was minimized. These cells, now at 55 h after microinjection, were retrypsinized, counted, divided into portions, mixed with 105 uninfected NIH cells, and allowed to grow to confluence for testing for infectious centers. The data in Table 1 show the results of this assay. After normalization for the three or four rounds of replication of the cells and for the fraction of total cells in the sample used for each focus assay, it was calculated that between 5 and 10% of the originally microinjected cells were expressing virus.
These data demonstrate that, although at 24 h after microinjection no released viral progeny could be demonstrated, when these cells were further incubated with uninfected cells, clear infectious centers and released progeny (4) 74, 78 (10) (restrictive) " N-tropic F-MuLV was used to infect both permissive (NIH Swiss) and restrictive (BALB/c) cells. Unintegrated viral DNA was prepared as described in the legend to Fig. 2 . and this DNA was used for microinjection experiments (a sample of each DNA is shown in Fig. 2, lanes 1-and 2-) . Between one and three copies of viral DNA were microinjected per cell. as calculated from the estimation of viral DNA per sample and the known delivery volumes (9) . After microinjection. the cells were first allowed to grow for three or four generations. Subsequently. they were trypsinized and analyzed for infectious centers by the XC plaque assay (see the text and reference 13). Values indicate the plaques observed per 60-mm dish, which contained one-third of the total culture of the microinjected cells. The numbers in the parentheses indicate the estimated percentage of microinjected cells which had to be successfully infected to give rise to the number of plaques observed (see the text).
h Total number of plaques on one 60-mm dish. Our studies have utilized an N-tropic F-MuLV which was originally employed in vivo to define the Ft-I gene (10) . This virus in vitro consistently exhibits a 100-to 500-fold restriction as manifested in standard tissue culture assays. However, analysis of the unintegrated viral DNA fails to reveal a reason that would easily explain the 100-fold reduction in growth observed in nonpermissive BALB/c (F-lblb) cells. It has been demonstrated that the virus is unable to establish an integrated proviral state in the nonpermissive host as measured both by solution hybridization studies (7, 18) and by Southern blot analysis (Chinsky and Soeiro, unpublished data). Furthermore, the unintegrated form I DNA appears to be restricted at most by two-to fourfold compared with permissive infections. This small decrease is difficult to correlate directly with the 100-to 500-fold reduction in viral growth manifested in tissue culture assays (1) .
Our studies of the production of infectious centers of viral progeny after microinjection of isolated unintegrated form I viral DNA suggest that the viral DNA accumulated in restrictive cells is not abnormal in sequence with respect to its capacity to encode for viral progeny. However, this same DNA in its native configuration (form I) during an Ft-I restrictive viral infection clearly does not result in the efficient production of viral progeny. It has previously been demonstrated that integrated viral DNA obtained from both Fv-i nonpermissive, as well as permissive, chronically infected host cells is infectious after transfection (4, 5, 14) .
This suggests that the mechanism of Fv-I restriction of viral progeny production did not act upon already integrated proviral DNA. In an analogous fashion, our data suggest that unintegrated viral form I DNA, observed to accumulate in retrictive cells, is infectious when introduced into recipient cells by microinjection. These results taken together suggest that Fi-I host restriction involves additional factors besides simply the relative amount of form I DNA observed to accumulate in these retrictive cells. The role of viral determinants in the sensitivity to Fv-I host restriction has been amply documented (for review, see reference 6). Presumably, the Fv-i restriction mechanism involves a number of factors of both viral and host origin. Viral We have demonstrated that infectious viral form I DNA is produced in some Fv-1 restrictive cells. This result clearly demonstrates that the viral DNA is biologically complete in that it is able to code for infectious progeny with approximately the same efficiency as that obtained from a permissive infection. These results, therefore, suggest that the accumulation of N-tropic F-MuLV DNA in the nonpermissive BALB/c cells after acute infection is not sufficient to ensure eventual viral progeny production with the same efficiency as is seen in the Fv-1 permissive NIH cell. Perhaps the integration step itself may be rate limiting in the establishment of an infectious center in this Fv-I restrictive infection.
